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The Australian Joint Ore Reserves Committee (JORC) code guides public reporting to ensure effective communication 
of exploration and mining results. The JORC Code is also used in other jurisdictions. Recent insights of report 
compliance have highlighted issues (AIG, 2021; McManus et al., 2021; Sterk et al., 2019). 

All three reviews focused on different aspects but commonly found that the “if not, why not” nature of the Code was 
mostly ignored in public reporting of mining projects. For example, one review found that no reports used quantitative 
assessments of the geological interpretation or mineral resource estimation envelopes, with some not addressing the 
quality of geological interpretation. Reports that did address interpretation quality used 19 different terms to 
communicate it. To reduce ambiguity in public reporting, it is essential to either reduce the possible terms that can be 
used to communicate quality or to quantify it.

Uncertainty assessment of spatial domains is required for compliance reporting to stock exchanges. There are a 
number of computational methods of assessing uncertainty that can be applied, but are rarely used, it is important 
that a body of literature highlight examples for industry acceptance. Recently, machine learning techniques (Bayesian 
approximation) have been used to assess the interpretation uncertainty of spatial domains. To improve its use in early-
stage projects fast and cost effective pXRF data has also been compared favorably with ICP.

Recent work has also compared geostatistical simulation and machine learning to determine if the methods assess 
similar uncertainties. It was found that they highlight different uncertainties in geological models.

This poster highlights recent computational applications for use in industry to assess geological interpretation 
uncertainty, improve compliance with JORC and other public reporting codes, and facilitate communication of 
geological models' quality to both public investors and downstream users of mineral resource estimates.

Geology and mineral estimation envelopes

The geological support for a mineral resource estimate (MRE) is important, and JORC 2012 requires us to comment on the 
interpretation and quality of the geological models used. By using qualitative terms for quality and only providing one 
model to downstream users, there can be misconceptions that there is no error or no uncertainty in the geology model 
wireframe used to constrain a resource estimate. This can lead to project failure. Geological and MRE envelopes are 
complex models that rely on a variety of information types and expert opinion, so it is difficult to quantify their quality. If 
reported using quantitative uncertainty this can reduce misunderstanding by public investors and downstream users and 
reduce project failure. At the minimum a set of accepted, well defined terms to define quality, similar to the terms used 
for the mineral estimate classification could help reduce miscommunication.

• Geology failures contribute to 17% of project failure (McCarthy, 2014)

• Recently, six projects have been highlighted that have failed due to flawed spatial domains and geological modelling 
(Sterk, de Jong, Partington, Kerkvliet, & van de Ven, 2019)

• ASX writes to JORC in regards to three specific examples of concern to competence with underperforming projects. 
(AIG email Jan 2022)

Precision in uncertainty communication. Alternative expressions for communicating direct uncertainty about a fact, 
number or scientific hypothesis. (after Bles et al 2019)

Why do we have an issue?

• Geological interpretation and creation of MRE Envelopes is not a simple process

• It is complex, and the methods used are often developed in house

• We do not have a body of literature on industry best practise in MRE Envelope creation

• A lot of expert opinion and experience goes into our MRE Envelopes and it is hard to convert this in to a quantitative 
assessment.

• Sterk et al 2019 recommend proposed changes around the creation of Domains that define our Mineral Estimation 
Envelopes

What Methods are available?

This will depend on our data and the stage that our project is currently at.

• Depends on how much data we have, what stage we are at in the exploration / mining life cycle

• What software we have available

• Staffing level

• Budgets

• Great news is most methods can use existing software or free statistical packages in R Statistics, Python etc.

The possible methods

• Distance to data 

• Statistical difference of multiple models

• Resampling and Bayesian methods

• Geostatistical based approaches 

• Reconciliation model vs production

Distance to data and data density

• In general, almost all mining software packages offer the ability to measure the distance of data to wireframe 
edges so, with some problem-solving, sections of domains can be classified with the distance to nearest data as 
well as the density of the data (Scheidt & Caers, 2009; Siler et al., 2018). 

• Simple gridding algorithms can be used with search ellipses to determine the density of samples that contribute 
to a segment of a model wireframe. 

Statistical difference of multiple models

• Examples of comparing the statistical differences between models is provided in Lark et al. (2013) and Witter, 
Siler, Faulds, and Hinz (2016) provide the simplest low tech solutions.

• 5 geologist in a room, all with slightly (or widely) different interpretations, they interpret them, we measure the 
differences at points or intervals. We see if the classify the same point the same way, we see where their 
contacts are.

• We can leverage the speed of implicit modelling with this method. (Being careful to ensure our models have the 
same control/rigour as our regular models)

Reconciliation model vs production

• Reconciliation of statistical differences can be examined between MEEs and final mined shapes by examining 
orientation, morphology and boundaries.

• Similarly, geological model boundaries, fault locations, lithology and alteration can be compared to mapped pit 
and face surfaces.

Resampling and Bayesian methods

• Generally will be in projects with low data, not to advanced where we may use the resampling methods to 
“bootstrap” data (Journel & Bitanov, 2004). 

• Similarly, geological model boundaries, fault locations, lithology and alteration can be compared to mapped pit 
and face surfaces.

• Bayesian approximation provides a methodology for simulating points, the points can then be assessed 
individually (McManus, Rahman, Horta, & Coombes, 2019) for interpretation uncertainty, 

• or they can be used to create new models from realizations that provide geological sense (Wellmann, Horowitz, 
Schill, & Regenauer-Lieb, 2010) with implicit modelling tools to assess orientation and morphology uncertainty.

Geostatistical based approaches

• Advanced projects have several options to investigate uncertainty as there is enough data to estimate robust 
variogram parameters. 

• This can include methods such as Multiple Point Statistics (Deraisme & Field, 2006; Jones, Douglas, & Jewbali, 
2013; Mustapha & Dimitrakopoulos, 2010; Yarus, Chambers, Maučec, & Shi, 2012) and 

• Geostatistical Simulation of rock types (Adeli & Emery, 2021; Mery, Emery, Cáceres, Ribeiro, & Cunha, 2017), 

• Weights of Evidence (Hill et al., 2014; Nielsen, Partington, Franey, & Dwight, 2019; Peters, Partington, Blevin, 
Downes, & Nelson, 2017) and 

• co kriging of the potential field (Chiles, Aug, Guillen, & Lees, 2007). 

• The method used should consider the style of mineralization and orientation of the geological fabric.

We need to publish more literature to inform industry 
best practice
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pXRF Categorical Combined

Balanced 

Accuracy Precision

Balanced 

Accuracy Precision

Balanced 

Accuracy Precision

Inglewood 73.0% 73.3% 86.5% 89.5% 88.2% 81.8%

none 76.5% 91.1% 93.5% 97.4% 92.1% 96.9%

Partridge 94.6% 81.8% 100.0% 100.0% 95.0% 100.0%

Peeloff 60.2% 33.3% 94.0% 80.0% 94.4% 100.0%

None None None None Inglewood

predict 99% 99% 97% 56% 85%

uncert 3% 3% 8% 72% 57%
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